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ABSTRACT 

Specimens  of  warehouse  panel  fasteners  manufactured 
by  the  Hussman  Corporation  and  the  Uc  S0  Thermo 
Control  Company  were  tested  for  load-deflection  of 
the  spring,  maximum  load  of  the  spring  assembly, 
torque  load  of  the  cam  assembly,  and  the  maximum 
load  of  the  cam  assembly.  It  was  found  that  the 
load  required  to  produce  a given  deflection  of  the 
Uo  So  Thermo  Control  spring  was  much  lower  than 
that  for  the  Hussman  spring,  but  that  the  Hussman 
spring  would  take  a permanent  set  when  loaded  enough 
to  cause  a deflection  of  l/£-inch„  The  breaking 
strengths  of  the  two  fastener  assemblies  were  approxi- 
mately equal.  The  U,  S,  Thermo  Control  Company 
spring  assembly  and  cam  assembly  were  each  essential- 
ly vapor-tight  whereas  the  Hussman  components  were  not, 

I,  INTRODUCTION 

In  accordance  with  a request  by  Headquarters,  United  States 
Marine  Corps,  in  a letter  dated  July  24,  1951,  comparative  tests 
were  made  of  two  makes  of  warehouse  panel  fasteners,  one  manu- 
factured by  the  Hussman  Corporation  of  St,  Louis,  Missouri,  the 
other  manufactured  by  U,  S,  Thermo  Control  Company  of  Minneapolis, 
Minnesota,  Mechanical  tests  were  made  of  the  load-deflection  of 
the  spring,  the  maximum  load  of  the  spring  assembly,  the  torque 
load  of  the  cam  assembly,  and  the  maximum  load  of  the  cam  assembly 
A total  of  six  panel  fastener  assemblies,  three  each  made  by  the 
respective  manufacturers,  were  submitted  for  test.  Four  of  the 
assemblies  were  destroyed  during  tests, 

II,  DESCRIPTION  OF  TEST  SPECIMEN 

The  panel  fasteners  are  used  in  the  assembly  of  prefabricated 
demountable  warehouses.  The  various  sections  or  panels  of  these 
warehouses  are  held  together  by  the  panel  fastener  assemblies. 

Each  panel  fastener  assembly  consisted  of  two  separate  parts,  the 
spring  and  eye  assembly  and  the  cam  and  hook  assembly,  with  each 
of  the  two  parts  being  built  into  the  edge  of  one  of  the  two  ware- 
house panels  to  be  held  together.  The  cam  assembly  of  the 
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fastener  was  built  to  receive  a hexagonal  , 3/3”  Allen-type  lock- 
wrench,  which,  when  turned,  caused  engagement  and  tightening  of 
the  hook  of  the  cam  assembly  with  the  eye  of  the  spring  assembly, 
thus  locking  the  warehouse  panels  together,  and  compressing  the 
gaskets  to  prevent  entry  of  air  and  water  vapor0 


The  panel  fasteners  submitted  for  tests  were  identified 
as  follows: 


NBS  Specimen  60-51 

Three  samples  furnished  by  Hussman  Company 
NBS  Specimen  61-51 

Three  samples  furnished  by  th  So  Thermo  Control  Company 

Figo  3 shows  the  Hussman  specimen  60-51  as  submittedo  Fig„  4 
is  a view  of  the  same  specimen  after  rupture,  which  occurred 
during  the  test  to  determine  the  breaking  strength  of  the  com- 
ponent parts o Specimen  61-51,  manufactured  by  U„  So  Thermo 
Control  Company,  is  shown  in  Fig0  5,  as  submittedo  The  same 
specimen  after  rupture  can  be  seen  in  Fig0  60 


It  should  be  noted  that  all  the  figures  referred  to  are 
composite,  and  the  two  mating  pieces  are  not  shown  in  a true 
size  relationship,.  The  Hussman  fastener  in  Figures  3 and  4 and 
the  Uo  So  Thermo  Control  fasteners,  in  Figures  5 and  6 had  the 
following  approximate  dimensions: 

Hook  Section  Eye  Section 


Width 

(inclo  Depth 

Allen  (inclo  Depth 

Wrench  extended  (incl. 

Length  Socket)  hook)  Length  Width  eye) 


Hussman  5-7/3"  4"  4-1/2”  3-1/2”  2-3/3"  2” 

Uo.S  o 

Thermo  Control  5"  4-1/2”  4"  4-3/3”  2”  2-1/2” 


The  weight  of  the  complete  Hussman  fastener  was  1 lb-7oz. 
(Hook  1 lbo-1  0Zo,  Eye  6 oz„)  whereas  the  weight  of  the 

Uo  So  Thermo  Control  fastener  was  1 lb-12  oz„  (Hook  1 lb0-l/2  oz„, 
Eye  11-1/2  oz0) 
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III.  TEST  PROCEDURE 

A load-deflection  test  was  made  on  each  of  the  spring 
assemblieso  This  was  done  by  loading  the  springs  with  known 
weights  and  observing  the  amount  of  deflection., 

Tests  to  determine  failure  of  the  panel  fasteners  were 
run  separately  for  each  assembly  of  the  fasteners . 

Tests  to  determine  the  torque-load  characteristics  of 
the  cam  assemblies  were  made  at  two  different  positions  of 
the  cam  hooka  A torque  of  500  lb-in.  was  applied  to  the  cam 
wrench  and  the  pull  exerted  by  the  cam  hook  under  this  con- 
dition was  measured  on  a testing  machine.  The  tests  were  made 
with  the  cam  assemblies  in  approximately  an  open  position  and 
in  approximately  a half-closed  position. 


IV.  TEST  RESULTS 

The  following  table  summarizes  the  results  obtained  for 
all  tests  except  the  load-deflection  tests  of  the  spring  as- 
semblies : 


RESULTS  OF  TESTS  OF  PANEL  FASTENERS 

Specimen  60-51  Specimen  61-51 
Test  Hussman  U.S.  Thermo  Control 


Maximum  load  sustained 
by  the  spring  and  eye 

assembly,  lb.  ' 29$0  (a)  1$70  (b) 


Maximum  load  sustained 
by  the  hook  and  cam 

assembly,  lb.  2210  (c)  3$50  (c) 

Pull  exerted  by  hook 
with  500  lb-in.  applied 
to  cam  wrench,  lb. 

Assembly  open  (d)  1200  960 

Assembly  half-closed  (d)  $90  1040 

(a)  eye  failed 

(b)  spring  seat  in  the  housing  pulled  out 

(c)  hook  failed 

(d)  approximate  positions,  not  directly  comparable 
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The  results  of  the  load-deflection  tests  of  the  spring 
assemblies  are  shown  in  Figures  1 and  2 for  specimen  61-51  and 
60-51,  respectively*  A comparison  of  these  two  graphs  shows 
that  the  U*  S*  Thermo  control  spring  required  a much  smaller 
loading  than  the  Hussman  spring  to  obtain  the  same  amount  of 
deflection*  The  springs  of  both  specimens  came  to  a mechanical 
stop  after  a deflection  of  approximately  l/$tf , hence  the  loads 
were  not  increased  after  a deflection  of  about  0*12  inches  was 
reached*  Fig*  2 shows  that  a permanent  set  occurred  in  the 
Hussman  spring  after  having  been  loaded  sufficiently  to  cause 
a deflection  of  about  0o12  inches* 

Fig*  2 shows  that  a break  in  the  initial  deflection  curve 
occurred  at  a loading  of  about  $00  lb*  It  is  believed  that 
this  was  the  elastic  limit  of  the  spring  material*  The  load 
of  1200  lbs*  exerted  by  the  Hussman  cam  assembly,  as  shown  in 
the  table  of  results,  when  a 500  lb-in*  torque  was  applied  to 
the  cam  wrench  should  be  considered  a maximum  value  since  this 
is  simply  the  stationary  load  as  exerted  on  the  testing  machine* 
It  is  not  known  how  much  of  the  exerted  torque  would  be  lost 
in  friction  when  the  cam-  and  spring  assemblies  are  actually 
being  engaged* 

In  actual  use,  the  amount  of  spring  deflection  and  whether 
or  not  any  permanent  set  would  occur  in  the  Hussman  spring, 
would  depend  on  the  load-deflection  characteristics  of  the  gasket 
material  used  between  the  panels*  A torque  of  500  lb-in.  or  more 
could  probably  be  exerted  on  the  cam  wrench  under  some  circum- 
stances, and  if  the  deflection  resistance  of  the  gaskets  reached 
values  approaching  1150  lb*  for  the  Hussman  spring  or  230  lb* 
for  the  U*  S*  Thermo  Control  spring  before  the  hook  was  fully 
closed,  the  springs  would  be  deflected  against  the  permanent 
mechanical  stop*  Such  circumstance  might  arise  if  the  panels 
were  warped  or  were  being  assembled  with  ice  or  dirt  around  the 
edges  that  prevented  drawing  the  panels  together  on  the  gaskets 
readily* 

The  spring  deflection  of  l/$  inch  would  provide  a safety 
factor  against  breakage  of  the  fasteners  by  conditions  that  tend- 
ed to  pull  the  panels  apart  after  assembly  in  warehouses  that 
were  satisfactorily  assembled  without  deflecting  the  spring* 

In  design  of  panels  that  are  to  use  these  fastener  assemblies 
attention  should  be  given  to  the  compression  required  for  the 
gaskets  so  the  spring  deflection  of  the  fasteners  will  not 
occur  while  compressing  the  gaskets  during  normal  assembly* 

The  U*  S*  Thermo  Control  spring  was  a coil  spring,  and  its 
recovery  characteristics  under  compression  were  better  than 
those  of  the  Hussman  spring*  It  should  be  pointed  out,  though, 
that  at  0*12"  deflection  the  pull  of  the  U*  S*  Thermo  Control 
fastener  would  be  only  230  lbs*  as  compared  with  1025  lbs.  for 
the  Hussman  as  indicated  on  the  recovery  curve* 
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The  breaking  strength  of  the  total  panel  fastener  assem- 
blies was  very  nearly  alike  for  both  specimens  submitted.  As 
can  be  seen  from  the  table,  the  spring  assembly  of  the  U.  S. 

Thermo  Control  fastener  failed  at  a loading  of  1#70  lbs.  The 
cam  assembly  of  the  Hussman  fastener  failed  at  a loading  of 
2210  lb.,  a difference  of  340  lb0  between  the  two  makes  of 
fasteners.  The  results  in  the  table  also  indicate  that  the 
mechanical  advantage  of  the  Hussman  cam  assembly  decreased 
about  25  percent  between  the  open  and  half-closed  positions 
whereas  it  increased  slightly  for  the  U.  S,  Thermo  Control 
cam  assembly  between  the  same  two  positions  of  the  hook. 

An  additional  feature  of  the  Hussman  fastener  that  would 
be  of  assistance  in  actual  erection  of  warehouses  was  the  pro- 
vision of  a mechanical  stop  which  prevented  the  hook  from  dropping 
completely  below  the  eye  during  assembly  to  a position  where  it 
could  not  engage  the  eye.  In  the  case  of  the  U,  S.  Thermo 
Control  fastener,  it  was  possible  for  the  hook  to  drop  complete- 
ly below  the  eye.  If  this  happened  to  on.e  or  more  hooks  during 
panel  erection,  it  would  be  necessary  to  release  all  other 
fasteners  and  separate  the  panels  before  any  of  these  hooks 
could  be  returned  to  a position  for  proper  engagement. 

V.  CONCLUSIONS 

Based  on  the  test  results  quoted  above,  it  is  believed 
that  the  two  makes  of  panel  fasteners  as  submitted,  are  satis- 
factorily equivalent  for  the  intended  purpose 0 The  small  differ- 
ences in  the  breaking  strengths  and  the  mechanical  advantages 
of  the  cam  assemblies  are  not  considered  to  be  significant  when 
viewed  in  the  light  of  the  overall  usefulness  of  the  two  devices. 

However",  there  was  a marked  difference  in  regard  to  the 
vapor  seal  feature  between  the  two  makes  of  panel  fasteners,  as 
submitted.  The  construction  of  the  Hussman  fastener  would  per- 
mit passage  of  water  vanor  through  either  the  spring  or  the  cam 
assembly,  whereas  the  two  assemblies  of  the  U.  S.  Thermo  Control 
fastener  were  comparative^  tight.  If  there  were  a need  to 
obstruct  the  flow  of  water  vapor  through  the  panel  fasteners, 
the  U.  S.  Thermo  Control  fastener  would  be  definitely  superior. 

The  importance  of  the  vapor  seal  characteristics  offered 
by  the  hardware  alone  would  be  determined  by  the  relative  vapor 
transmission  resistance  of  the  wood  breaker  strips  at  the  edges 
of  the  panels  including  all  the  cuts  for  hardware,  and  the  type 
of  joint  between  the  breaker  strip  and  the  panel  face  materials. 

If  the  outer  gasket  provided  a good  vapor-tight  joint,  the  vapor 
resistance  of  the  panel  edges  would  not  be  important.  If  the 
outer  gasket  was  not  tight,  the  vapor  resistance  of  the  entire 
panel  edge,  rather  than  the  hardware  alone,  becomes  significant. 


! 
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Since  with  present  construction  the  gaskets  may  be  damaged  by- 
handling  of  the  panels,  either  the  inner  or  outer  gasket  is 
likely  to  offer  the  greater  resistance  to  vapor  transmission 
for  any  particular  erection  of  a warehouse0  Therefore,  the 
vapor  resistance  characteristics  of  the  panel  fasteners  should 
be  comparable  to  that  of  the  breaker  strip  and  its  joints 
with  the  facing  materials0  A panel  fastener  with  poor  vapor 
resistance  in  a good  breaker  strip  construction  could  be  a 
cause  of  panel  failure,  whereas  a panel  fastener  with  superior 
vapor  resistance  in  a breaker  strip  construction  of  poor  vapor 
transmission  resistance  might  not  be  justified  economically . 
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